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| SECTION 1

INTRODUCTION

i STATINTL

A, SCOPE
STATINTL
. This report describes the work accomplished by -

_ on a feasibility study of a Light-

Modulated Film Viewing System. This study was inltiated on July 15,

1964 and concluded on January %1, 1965. Section 2 of this report

contains a brief summary of the results obtained on the program while
w Section 3 describes these results in detail. Section 4 describes a

recommended follow-on program.

B. PROGRAM OBJECTIVE
- The objective of this program was to prove the feasibility
of a Light-Modulated Film Viewing System. This system 1s to be used
for direct viewing and high magnification viewing through a micro-
scope. ?he‘brightness of the backlight 1s to be modulated as a
function of‘tpe tpgpgmissivitngf the film and the spg;;gl_fgggggggy
Eg_&ﬁgg_&hgﬂgagklight intensity increases with a decrease in trans-

L oo —
‘. U S S
e PR e

missivity and an increase in spatial frequency.

e ———

A further objective of this program was to construct a

laboratory model and perform laboratory testing and evaluation in

REF: ENGINEERING PROCEDURE S.017

E-ID~15(7-6L){77-10)

order to derive the necessary design data for the production of an

operational prototype of the Light-Mcdulated Fllm Viewer.

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3
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SECTION 2

SUMMARY AND CONCLUSIONS

This program has resulted in the development of techniques
that will permit the implementation of a Light—Modulated Pilm Viewer
in the form of a light table where the face of a cathode-ray tube
forms the viewing surface. A thin (about 3—1}%—inch), transparent,
plastic sheet, mounted above the table, forms the detector for closed-
loop operation. The film is placed between the CRT faceplate and the
detector. Since the detector need not be in intimate contact with
the film, dodging can be performed while the film is moving. The
dynamic range of this viewer is over 60 to 1 and will have a dodging
resolution of about 2500 elements over the 9-inch by 9-inch area.

In obtaining this dodging, the resolution of the film 1s not impaired
since the film is viewed directly. Results obtained from a small
breadboard built on this prograsm indicate that this dodging resolu-

. STATINTL
tion is quite adequate for normal viewing. -feels that a viewer
of this type will result in a considerable improvement at a reason-
able cost over present viewers. In dodging, there appears to be an
optimum dodging resolution which 1s considerably below tpg basic

resolution of the imagery.

STATINTL
A photograph illustrating the effectlveness of - bread-

board Light-Modulated Film Viewer 1s contained in an envelope (Page
3). The size of the breadboard viewer 1s 1-5/8-inches square re-

sulting in about 9 dodging elements in each direction. These photo-

D=
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graphs were obtained using a conventional TV scan systeom. Since the
dodging is essentlally spot size limiting, a 9-inch by 9-inch system
would have about the same dodging capability as shown 1in the photo-
graph. -recommends that a full size (9-1in by g-in) viewer be

built and evaluated by a panel of photointerpreters.

- approach to a Light-Modulated Film Viewer is to
provide an intensity-modulated light table to permit the viewing of
film either directly or with a microscope. Thils insures maximum
viewing resolution limited only by the resclution of the imagery it-
self. Systems employing a projection system where the dodged film
image 1is back-projected on a screen of fers a simpler detection im-
plementation; however, the film image resolution 1s degraded by the

STATINTL
screen material and the projection optics. - approach to pro-
viding a modulated film viewer utilizes a single CRT which serves &
dual function. As the CRT 1s scanned, a portion of the light trans-
mitted through the film 1is detected and the resultant video signal
1s used to modulate the CRT spot. This CRT also serves as the back-

light source.

During the initial poertion of the program, emphaslis was
placed on the development of a detector that would sample a portion
of the light from the CRT that passed through the film., The initial
approach utilized a dichroic mirror which reflected a portion of the
light back through the film and onto a photomultiplier under the
light table. This approach proved unfeasible because of the effec-

)
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tive squaring of the opacity of the film as light passed through
the film twice. In addition, this approach did not permit an adequate
diffuse backlight for viewing. These two effects reduced the signal-

to-noise ratio of the detection system to an unacceptable level.

In view of these results, an effort was directed toward
placing the sensor on the viewing side of the film. This effort
resulted in a thin, large-area detector that consists of a sheect of
plastic impregnated with a fluorescent material that is excited by
the transmitted light. The radiation caused by the fluorescence 1s
optically trapped within the plastic sheet and, through use of fiber
optics, is transmitted to a photomultiplier. A dectector, utilizing
a Super Calcofluor impregnation, was developed and found to be sen-
sitive to wavelengths up to 4?002 where it cuts off very sharply,
and becomes transparent above this wavelength. Another detector
utilizing Fluorescein was developed that proved very satisfactory
for detecting the ultraviolet, as well as a portion of' the visible
spectrum. The development of these area detectors was a very signi-
fiecant achievement since it permitted the practical implementation

of the lilght-table approach.

An effort was made to utilize a dual phosphor such as a P-16
and P-4 in combination, or a single phosphor that omitted in the
ultraviolet with a very short persistence and alsc in the visible
spectrum with longer persistence. With this approach, the detection

is donc with the short persistence portion and the backlighting for

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3
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viewing with the longer persistence vislble portion. “The short per-
sistence permits a high resolution detection system while the longer
persistence is ideal for viewing. A CRT with a combination phosphor
(P-16 and P-4) was purchased and evaluvated. This tube did not yield
adequate signal-to-noise ratio. Time did not permit a further in-
vestigation of combination phosphors, however, further work in this
area is recommended. An attempt was made to use the very fast ultra-
violet flash (0.05 usec) of the P-15 for detection and the longer
greenish-white for viewing. It was found that the ultraviolet to
greenish-white radiation ratio as a function of grid current was not
a constant which seriously limited the usable dynamic range of the
system to about 10 to 1. Sensing the ultraviolet and a portion of

the visible output of the P-15 yielded a much improved dynamic range
(63 to 1). This sensing scheme limits the detection video bandwidth
to 300 kec; however, the trade-off of resolution for increased dynamic

range appears warranted.

The scanning spot must be of relatively high resolution for
detection yet diffuse for viewing. A special fluorescent plate that

satisfies these requirements was developed. This plate when excited
by ultraviolet (from a P-15 or P-16 CRT) fluoresced in the green
region yet passed a portion of the ultraviolet specularly and this
transmitted portion could be used for detection. The conversion
efficicnecy of this fluorescent plate was Jjudged too low for practical
application. The most practical solution to the backlight problem

is to use the CRT face as the light table. A small spot can be

-6
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obtained at the film plane by using a fiber optics faceplate; however,
such faceplates are guite expensive and manufacturing difficulties
limit their size to about 12 inches in dlameter. A solid glass face-
plate offers the moct nractical soluticn although the diffusion
through the plate limits the dodging resolution. Tests have shown
s that a 1/4-inch faceplatc results in an effective spot size on the
film of 0.186 inches. This results in a dodgling resolution of about
50 elements across a $-inch viewing distance. This resolution is not
adequate for the detection and dodging, however, this appears quite

adequate for the dodging as a function of film transmissivity.

STATINTL In the recommended follow-on program described in Section 4,
) -proposes to fabricate a Light-Modulated Film Viewer for evalua-
tion. 1In addition, advanced technliques studles are proposed in
- several areas in an effort to lncrease the effectiveness of a viewer

of this type.

REF: ENGINEERING PROCEDURE S.017
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SECTION 3

DETAILED DISCUSSICN

A, INITIAL APPROACH

Although the _ proposal (GAP-2615)
describes several approaches, the pasic approach consisted of a CRT
that served as the primary backlight and also as a flying spot
scanner for the generation of video used in the detection of film
characteristics. This detection circulitry was then used to control
the intensity of the CRT in a closed-loop fashion. This approach 1s
quite similar, in principle, to that used by_in con-
tact printers and enlargers. The implementation, however, differed
considerably. Since direct film viewing was given as a primary
objective and slince a detector such as a photomultiplier located
above the film would interferc with the operator, the configuration
shown in Figure 1was used. In this approach, the video used for
detection was obtained by scanning the film with the CRT. A portion
of the light was reflected by the partial reflector located above
the film and directed through the f1im a sccond time where 1L was
detected by a photomultiplier Tocated within the light table. This
eliminated any detector above the £11m that might interfere with

the operator.

This basic approdacn was pursued through the study program.

As in any feasibility study of this type, design modificationsg were

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3
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Figure 1. Initial Film Sensing Technique

made to circumvent the problem areas in an effort to arrive at an
optimum system configuration. The problem areas and solutions to

these problems are described in subsequent sections.

B. PROBLEM AREAS

During the initial portion of the study program, - STATINTL
analyzed the initial approach described above and identified several
problem areas. One problem area consisted of the type and physical
location of the detector. In the initial approach, a partial re-

flector was used above the film which reflected a portion of the

-9_
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light back through the £ilm where it was detected by a photo-

multiplier. Slnce this 1ight path requires high resoluthny the

reflector must be in close contact W1th the film - thus preventlng

i i pacn e

operation with mov1ng fllm. Secondiy9 with this implementatlon, the

llgh? is required to pass throggb the f£ilm twice -~ effectlvely

ggpgfipg”§heﬂqggcity of the film. In addition, reflections off the

£11m base and the field lens shown in Figure 1 creates considerable
noise in the detection circultry. Tn view of these problems, a study
of other detection techniques was initiated - the results of which

are described in Section %-C.

A second problem area j1dentified was that of the backlight.
To have a high resolution optical system for detectlon of £film
characteristics, the backlight should be specular. However, from a
viewing standpoint, the backlight should be diffused. These opposing
requlrements Justified a backlight study - the results of which are

presented in Section 3-D.

A third problem area concerns the loop response of the system.
This involves the loop stabllity as well as the overall dodging
resolution which is a function of CRT spot size, resolution of the
optics, video pandwidth, ete. Thils problem was investigated and 1is
presented in Sectlon 3-E,
C. DETECTOR STUDIES

1o sense the emulsion denslty distributicn on the film, the
system required a large area transparent detector having the followm

ing characteristlcs: (1) respcrse o radlation at or below MﬁOOA

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3 -10-
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(2) be transparcnt, and (3) have a very fast response time (< .1
psec), Also, the phosphor used in the detector should emit radia-
tion peaked at 44003, compatible with the spectral response charac-
teristics of the -Noo 6199 photomultiplier. In addition, the
detector should not interfere with the normal viewing of the film.
Therefore, - effort was directed toward a detector that would
take the form of a flat, thin sheet that cculd be mounted over the

film.

The investigation was concentrated 1in obtalning a suitable
luminescent material for the detector which satisfled these require-
ments. The transparent properties and high optical trapping effi-
ciency of the chemically deposited transparent phosphors warranted
investigation into this area. The results of work accomplished in
this area and reported in a paper, ("Transparent Phosphor Coatings”

by F. J. Studer and D. A. Cusano, July, 1955, Journal of the Optical

Society of America) indicated that the physical properties of the
then known phosphors did not satisfy the absorption and emission
requirements of the detector. The emission spectrum of transparent
phosphors under ultraviolet exeitation ranged from yellow to green,
In addition, the cfficiency of conversion for vltraviclet radiation
is normally less than 10 percent of that of cathode ray excitation.
Tt was also found that the persistence of most of these phosphors
was too long and therefore incompatible with the resoluticon requlire-

ments of the system.

Further study of trc Literature revealed that many

~11-
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fluorescent dyes satisfy the emission characteristics of the desired
detector. The fact that these dyes are fluorescent materials de-
fines the persistence as being less than .0l usec. This character-
istic is desirable since it will not limit fhe resolution of the
system. A number of these dyes were obtained and tested. Of these,

Fluorescein and Super Calcofluor appeared to best satisfy the

system requirements. STATINTL

Super Calcofluor is a commercial dye marketed by the _
_ In the concentrations necessary in the detec-
tor, it is transparent and colorless. Super Calcofluor was found
to fluoresce under excitation wavelengths up to 4200X with an
emission spectrum in the blue. This material is readily soluable
in the solvents of most plastics, and therefore, permits ease of

fabrication.

A detector composed of Plexiglas impregnated with the Calco-
fluor was fabricated and tested on the experimental breadboard. The
detector was found to work satisfactorily when radiated with the
P-15 phosphor. The charactcristics of this detcctor make it desir-
able in that the cut-off excitation freguency is in the ultraviolet
range (42008), making the detector relatively ingensitive to ambient
lighting. This detector proved ideal for a system that utllizes
only ultraviolet for detection since it 1s sensitive to these wave-

0
lengths yet passes everything above 42004,
The closed-loop studies, discussed in Section %3-E, indicated

~10-
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a need for a detector sensitive to a portlon of the visible spectrum.
A Fluoresceiln impregnated detector was tested and found to operate
better than the Calcofluor when detecting a portion of the visible
spectrum. This detector 18 ideal when it was necessary to sense
both the ultraviolet and a portlon of the visible radlation as was

required in the closed-100p studies.

Table 1 is a comparison of the characteristics of some of
the phosphors studied in the investigation and the Fluorescein and
Ccalcofluor dyes. Some of the phosphors exhibited the necessary
emission characteristics but possessed a long decay time. In addi-
tion, some of these phosphors are excitable only by cathode-ray
radiation as opposed to the ultraviolet excitation available in the
proposed system. By these comparisons, Fluoresceln and Calcofluor

appear to be the most compatible with system requlrements.

Consideration was also given in the investigation to the
substrate used in the detector. The trapping efficiency of the
detector is a functlion of the ipdex of refraction of the substrate.

The criterion for internal reflection is Brewster's angle Oy where:

gin 6. = X
.F;S hn

and n is the index of refraction. For maximum trapping efficlency,
QB should be as small as possible, implying that the index of re-
fraction of the substrate should dbe as large as possible. For

-1%3-
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Plexiglas having an index of 1.49, the Brewster angle GB is approxi-
mately 420. Assuming a uniform diffuse emission of radiation from
the dye within the substrate, and assuming zero losses through the
edges of the detector and at each successive internal reflection,

87 percent of the emitted radiation 1s trapped in the detector and

1% percent is transmitted through the faces of the detector. 1In
practice, however, part of the radiation is lost through the edges
before it can reach the photomultiplier tube. This loss 1s dependent
upon position of the radiating polnt within the detector, resulting
in a change in sensitivity of the detector across its face. However,
a fiber optic array can be used to correct this situation and also
minimize losses through the edges of the detector. One edge of the
array will be connected along the edge of the detector with the

other ends of the fibers connected to the face of the photomultiplier.
This configuration would minimize the light lost through the edges

of the detector and eliminate the sensitivity variation across the

face of the detector.

D. BACKLIGHT STUDIES

Desired characteristics of the viewer backlight dictate
two opposite characteristices, namely (1) the backlight should appear'
diffused to the observer to allow off-axis viewing of the imagery,
and (2) since the backlight is used as a sensing element in the
electronic dodging system, it should also appear specular fo satisfy

each of the two conditions.

-1 5_
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One implementation requires the film to be placed directly
on the face of a cathode-ray tube, If the glass face of the CRT is
thin or the i1llumination distribution of the spot is specular, the
desired resolution of the system can be obtained. Generally speaking,
however, neither of these condifions can be met. The thickness of
the faceplate tends to increase the size of the spot as seen by the
detector. A spot with a somewhat specular emission distribution, as
found in transparent phosphors, generally lacks the necessary bright-

ness levels required by the systom.

However, the effective spot size can be reduced by utilizing
a fiber optic faceplate on the CRT. In this type of CRT, the phosphor
is deposited on the inner surface of the faceplate. The fibers
effectively translate the emitted radiation of the phosphor to the
outer surface of the plate, in effect creating a radiating point
source on the outer face of the CRT. Placing the fiim on the face-
plate puts this point source in contact with the fillm emulsion. The
diffuse nature of the point source is of no consequence due to this
direct physical contact of source and film emulsion. The limiting
factor in sensing resolution of this system 1s the spot size of the
CRT phosphor and the dlameter cf the individual fiber. Generally,
the size of this fiber is usuvally a fraction of the diamcter of the
spot. The backlight will appear diffuse to the observer since the
radiation produced by the phosphor is diffused through an angle up to
the associated Brewster angle of the fibers., This angle 1s greater

o
than 60° resulting in a minimun siewing cone of acceptance of 120 .

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3 -16-
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A second implementatlion utilizes a CRT projection system
employing a phosphor screen as a backlight. This screen has the
property that 1t absorbs part of the ineident radiant energy, con-
verting it to a diffuse point light socurce, while specularly trans-
mitting the remalning portion. The longer wavelength diffuse com-
ponent backlights the imagery while the specular component, modulated
by the film density, is sensed by the area detector. The frequency
of the diffuse component, determined by the characteristics of the
phosphor used 1n the screen, will be below the cut-off frequency of
the detector. Thus the detector will sense only the high-resolution

specular component while passing the lower frequency diffuse component.

The selection of a backlight phosphor can be determined
primarily by the emission and abscrption characteristics of the
phosphor compatible with the available incident radiation and color
requirements of the backlight., Varying the concentration of the
phosphor in the transparent substrate will permit latitude in the
selection of the transmitted to absorbed ratio of the Ilncident radia-
tion. Many phosphors arc available which satisfy these requirements

and can be used in the backlight system.

A phosphor screen consisting of Flucresceln impregnated
Plexiglas was fabricated and tested on the experimental breadboard.
The resulting backlight was diffused while the plate passed a portion
of the incident radiation specularly. A high percentage of diffuse

radiation produced in the phosphor plate 1s trapped by internal re-

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3 ~17-



E-ID-15(7-8L)(77-10)

REF: ENGINEERING PROCEDURE $.017

STATINTL
Approved For Release 2002/01/02 : CIA-RDP78B04747A

flection within the plate. This percentage is reduced by producing
a diffuse surface on the side of the phosphor plate nearest the film.
This process would rcduce internal reflection on one surface reducing
the optical trapping effect. The sensing component is also diffused
at this surface, but the physical contact of the film and diffused

surface would maintain the resolution of the sensing spot.

Further work is required in this area in an effort to in-
crease the efficiency of this backlight technique and is recommended

in the follow-on program.

E. CLOSED-LOCP STUDIES
1. General

The closed-loop studies concentrated in two major areas. The
first area of investigation was the examination of various phosphors
which were suitable for use in cathode-ray tubes employed as a
modulated backlight. The second area of investigation consisted of
the development and breadboarding of optical and feedback configura-
tions compatible with the system regulirements for each type of phosphor.
Each of the CRT's containing the phosphors to be investigated was
scanned in the same manner., A standard 525-1line, 15750 cycle horizon-
tal scan froeguency, 30-cycle frame rate was cmployed. Slower frame
rates for real-time feedback and modulation were determined to be un-
desirable due to flicker or uneven llght distribution acrogss the face
of the CRT when using long persistence phosphors. FEach of the bread-

board systems utilizing the selected phosphors and various sensocors

18-
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incorporated into each optical and feedback implementation was
fabricated for closed-lcop operation. Results of the study of each

configuration are described herein.

o, Phosphor Investigation
The desirable characteristic of a phosphor used in a modulated

backlight CRT are:

(1) high light output,
(2) good dynamic range,
(3) fast decay for good resolution,

(4) white light.

Five phosphors appeared to possess several of these desirable

characteristics and were chosen for further investigatlon: P-4, P-17,

p-16, P-15 and P-16 combined with P-4 .

a. P-4 Phosphor. The P-4 phosphor is a compound phosphor which

produces a white light source. The light output capability of the
P-4 is compatible with the 2,000 ft-lambert brightness goal ag 1s
evidenced by 1its uce in theater projection TV systems. Tr.e shortest
decay time, 25 microseconds, is exhibited by the biue component of
the sulphide type phosphor, While this long decay time sericusly
1imits the feedback bandwidth capabilities cof the modulation system
it was felt that the other deslirable characteristics of the phosphor

warranted an implementation using P-4,

b. P-17 Phosphor. The P-17 phosphor produces a yellowlsh-green

output, but contains a blue component which has a decay time of
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approximately 5 microseconds. The P-17 was investigated primarily
to determine 1if the bandwidth problems associated with the P-4 could

be effectively overcome.

c. P-16 Phosphor. The P-16 phosphor was investigated because

of 1ts extremely fast decay time of 0.12 microsecond. The P-16
produces an output in the blue-violet region. The light output
capability of the P-16 is relatively low compared'to the other

phosphors investigated.

d. P-4 and P-16 Phosphors. A comparison of the characteristics

of the P-4 and P-16 phosphors indicated that a combination of these
phosphors into a single CRT should produce nearly all of the charac-
teristics desirable for the modulated backlight. By substituting the
P-16 phosphor for the blue component of the P-4 a combination phosphor
should result which produces white light capable of high intensity
with a blue component of fast decay for sensing. A CRT containing

the compound P-4 and P-16 phosphor was purchased, however, this tube
did not produce the desired characteristic. The light output was a
yellowish-green color and the decay time of the blue component was
greater than 1 mlecrosecond. This poor performance has been attrlibuted
to either an insufficient deposit «f the P-16 phosphor or a chemical
recombination when the two phosphors were mixed. Althovgh time did
not permit, further investigation of this phosphor combination

approach is certainly warranted.

e. P-15 Phosphor. Of all the phosphors investigated, the P-15

raTo

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3



E-ID-15(7-6L)(77-10)

REF: ENGINEERING PROCEDURE 5-017

STATINTL

Approved For Release 2002/01/02 : CIA-RDP78B04747A00

was the most thoroughly tested. P-15 phosphor produces a greenish-
white color that is capable of moderately high intensity. It con-
tains an ultraviolet component that decays in 0.05 microsecond. The
green component of the phosphor decays in approximately 2.8 micro-
seconds. Tests on the P-15 phosphor were run using the ultraviolet
component for sensing and feedback while viewlng the green; and

using the green for both sensing and viewing.

5. Breadboard Implementations

The basic configuration used to test the various phosphors
and sensing elements consisted of a CRT for backlighting, a trans-
parency, a sensing element or color separating device, a photo-
multiplier to convert the modulated light received into a video signal,
and a negative feedback amplifier to deliver enough signal to in-
tensity-modulate the CRT. Scanning of the CRT's was done at con-
ventional TV rates and by using magnetic deflection. CRT's containing
the slower phosphors such as P-4 and P-17 were conventional 14-inch
television tubes. CRT's containing the higher speed P-15 and P-16
phosphors were high resoluticn 5-inch tubes. The photomultiplief
used was an RCA Type 6199 with an S-11 photocathode. The breadboard

implementation using the P-4 phosphor is shown in Figure 2.

The characteristics of the dichroic mirror are such that
the blue component is reflected to the photomultiplier, while the
remainder of the visible light passes through to the viewer. A band-

width of 16 kilocyecles was obtained using the blue component for
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Figure 2. Breadboard Implementation with P-4 Phosphor

sensing. This was manifested as a large lag when viewing the re-

sultant modulated output and was determined to be unacceptable.

The P-17 phosphor was also tested with the preceding imple-
mentation. As was expected the system bandwidth was 1lncreased to
approximately 300 kc¢ although some lag in the modulation was still
observed using the dichroic mirror implementation. The yellow-green

color of the P-17 was also judged to be undesirable.

An attempt was made to utilize the dichroic mirror configura-
tion with the P—M/?-l6 combination phosphor. However, the light
reaching the phototube was of too low a level to produce a reasonable
video signal-to-noise ratioc. This was caused by the initlial low blue

output from the P-16 component of the phosphor compounded by the

-D0.-
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effective squaring of the opacity of the transparency and the re-

flectivity of the film base and field lens.

At this time it was determined that a sensing element other
than a dichrolc mirror would be required to achieve an adeguate
signal-to-noise ratio (see Section 3-C). While a better sensing
system was being developed, the direct system of Figure 3 was used

to further investigate the P-4/P-16 combination.

FiLM
CONDENSING LENS
LENS FILTER

CRT PHOTOMULTIPLIER

STATINTL

i o

AMPLIFIER

AN
X

Figure %, Direct Sensing System

Removal of the dichroic mirror resulted in increased,
although still poor, signal-to-noise ratio. By modulating the
control grid of the CRT and monitoring the phototube output, data
was gathered for the phosphor response curves shown on Figure 4.

It can be seen that, with optimum filtering, the upper corner
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frequency is slightly greater than 300 kc, The conclusions drawn for

this particular tube are that:

(1) There is not enough P-16 deposited to emit sufficlent
light at the high frequencies to maintain a flat
phosphor response. Even though the P-4 1s greatly
attenuvated by the filter the ratlio of concentration of
P-4 to P-16 is so great that the filter output contains
a sufficient amount of P-4 light to limit the frequency

response.

(2) A possible chemical combination of the two phosphors
nas occurred which results in an entirely new phosphor

characteristic.

Although time limited further investigation of this combination of
phosphors approach it is felt that the advantages inherent in P-4
and P-16 combinations are sufficient to warrant further effort and

is, therefore, recommended in the follow-on program.

With the development of a fluorescent sensing element the
breadboard system was modified to that shown in Figure 5. Both P-15
and P-16 phosphor CRT's were used in the breadboard. The pP-16
phosphor was discarded because of its inherently low light level
output and blue-violet color. The bandwidth calculations which

follow, however, apply equally to both phosphors.

-05-
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AMPLIFIER
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STATINTL

Figure 5, Fluorescent Sensing System

A wide band, high-gain, rising-gain amplifier was developed
for this loop. The rising-gain characteristic was an attempt at
phosphor compensation to increase system bandwidth. The initial

amplifier parameters are shown on Figure 6 - curve C and D.

The fluorescent sensing element was developed as a solution
to the problem of direct viewlng while detecting a signal proportional
to film density. The modulated ultraviolet radiation 1s detected by
a transparent plate photo detector placed over the film. The detector
consists of a transparent plastic substrate such as Plexiglas im-
pregnated with a luminescent material. The incident ultraviolet,

modulated by the film density excites the luminescent material causing

-06-
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it to fluoresce., Most of the radiation is trapped within the Plexi-
glas plate and travels by internal reflection to the photomultipller
placed at one edge of the plate. The photomultiplier then converts
the light signal to an electronic signal. The necessary conditions
the plate must meet are that it be large enough to cover the film,
transparent, colorless, be excited by the ultraviolet component of
P-15 phosphor, and produce a radiation spectrum that 1s optimum for
visual response and adequate for photomultiplier detection. The

development of the sensing element 1s discussed in Secticn 3-C.

The P-15 phosphor offers the advantages of a ultraviolet
component that can be used for sensing and a greenish-white component
for backlighting. The ultraviolet sensing of the P-15 allows the
phosphor limitation of the system to be extended to approximately 6
me as determined by the Sine-Wave Response curve (Figure 7). The
phase angle, which is also plotted, provides the phase information

required to calculate the parameters of the feedback amplifier.

To establish the gain required in the feedback loop, the
minimum detectable signal ocutput of the photomultiplier and the
voltage swing reguired at the grid of the CRT were measured. The
minimum detectable signal was measured to be 30 mv with a S/N of

10 to 1.

Referring to Figure 8, Photomultiplier Output vs. Grld No.
1 Voltage (Ultraviolet Sensing), it is noted that for linear opera-

tion on the curve the grid vcltage variation is from -70 volts to

-08-
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40 volts. This voltage variation of 30 volts is the required

output of the feedback amplifier.

Using the preceding information, the parameters of the
amplifier were set at: Gain = 30 volts/30 mv = 1000, BW = 8 MC, and
phase angle to vary in conjunction with the phosphor phase angle for
a phase shift of less than 180°. The characteristics of this

amplifier are shown in Flgure 6 - Curves C and D,

Operation of the system 1s limited in dynamic range by the
light output as shown on the Visible Light Output vs. Grid No. 1
curve - Figure 9. The minimum lignt level that can be obtained while
stil1l operating on the linear portion of the Photomultiplier Output
vs Grid No. 1 curve (Ultraviolet Sensing) - Figure 8 is 50 ft-
lamberts. This allows a visible 1ight dynamic range from 50 ft-
lamberts to 190 ft-lamberts. Operation into the lower light levels
is limited because of the rapid decrease of ultraviolet at these
levels. In an effort to optimize operatlon, the minimum light level
was decreased to 20 ft-lamberts - extending operation into the non-
1inear regilon of the curve. However, this dynamic range of" 20 to

190 ft-lamberts was judged to be insufficient,

To increase the dynamic range of the light output, sensing
of both the visible and ultraviolet light output was initiated. This
approach offers a sensing system wlth less bandwidth; however, 1t
offers a greater dynamlc range in 1light output. Using a sensing
element which responds to both tne visible and ultraviolet a 10 mv

-4 -
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minimum detectable signal for a S/N of 10 and a minimum light level

of % to 5 ft-lamberts was detected at the photomultiplier.

From the curve shown in Figure 8 relating the visible and
ultraviolet sensing photomultiplier output to grid voltage, 1t is
noted that a usable output exists down to approximately -77 volts
on the grid. Referring to Figure 9, this represents a light output

of about % ft-lamberts.

Since the sensing utilizes both the visible and ultraviolet,
the sine-wave curves shown in Figure 10, combined with the minimum
detectable signal and required modulating voltage, set the new para-
meters which are required in the amplifier. (Gain = 30 volts/10 mv =
2000 and BW = 1 mc.) The characteristics of the amplifier used for
visible and ultraviolet detection are shown in Figure 6 - curves A

and B.

Using the visible and ultraviolet for sensing results in
greater contrast as compared to the ultraviolet sensing only; 190
ft-lamberts/3 ft-lamberts or 63/1 for visible and ultraviclet,
compared to 190 ftulamberts/zo ft~lamberts or 905/1 for ultraviolet
only. However, using the visible and ultraviolet for sensing,

1imits the resolution because of the slow visible phospheor response.

Operation of the breadboard system as shown in Figure 5
presented limitations in actual viewing because of viewing into the
lens aperture. To eliminate this limitatlion, the lens was removed

as shown in Figure 11. This also results in a decreased gailn reguire-
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Figure 11. Lenseless Confilguration

ment for the amplifier. Operation as shown in Figure 11 creates

a focus problem which can be resolved with a fiber optic faceplate -
this is explained further in Section 3-F of this report. However,
for purposes of defining the contrast capabilities of the system,

the system shown in Figure 11 is adequate.

To determine spot slize a system was set-up as shown in

Figure 12 and the results were plotted as illustrated in Figure 13.
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Figure 12. System to Detect Spot Size

Using the system shown in Figure 12, a bar pattern was
scanned by the CRT and the output of the photomultiplier was monitored
with an oscilloscope. Figure 14 shows the raster and the bar pattern
that was scanned along with the video output of the photomultiplier

as presented on the oscilloscope.

Using the information obtained from scanning the bar pattern
and the curve shown in Figure 13, 1t is possible to determine the
effective spot size. The curve shown in Figure 15 relates the per-
cent modulation, a, and 6/» , where 3 is the width of the spot

at the e-l amplitude of the gaussian curve, and A, which represents

~-36-
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Figure 14%. CRT Raster, Bar Pattern, and Photomultiplier Output

the pitch of the bar pattern. Also noted in Figure 15 1s the re-

lationship between a, e and epip-

max Using this relationship and

the data recorded in Figure 14

e - e
o = max min . 100

®nax * Smin

_ 950 - 200 | _ 250
= EE5 ¥ 200 - 190 = F& - 100
a = U46.,5
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This number, 46.5, represents the percent modulation that occurred

from scanning the bar pattern shown in Figure 14.

Using 46.5 for a and relating this to 6/A on the curve shown
in Figure 13 yields a §/A of 0.61. Solving this for 4, where

A = 14 /32-inch, gives

b = (0.61) (A)
= (0.61) (14/32-1in)
6 = 0.266 in,

Relating to the gaussian curve shown in Figure 13, it can
be shown that W = 0,70 , which is the spot width measured at the

half-amplitude points. From thls, the spot size 1is given by

W = 0.738
= 0.7 (0.266)
W = 0.186 in.

This spot size, 0.186 inches, represents the effective spot
size for the system shown in Flgure 12 and can be used in determining
the resolution of the system. It can be shown that a 5 percent
modulation occurs when the spots are displaced a distance equivalent

to the half-amplitude width of the spot.

_39_

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3



E-1D-15(7-61)(77-10}

REF: ENGINEERING PROCEDURE 5.017

STATINTL
Approved For Release 2002/01/02 : CIA-RDP78B04747A0

For a 9-inch by 9-inch raster, the maximum resolution avail-

able in the horizontal direction would be

RH(MAX) = ‘O gé%%{ﬁ = 49 elements

The photographs shown in Figures 15, 16 and 17 illustrate
various amplitudes of CRT mecdulation utilizing the system shown in
Figure 11. The conditlons of operation are shown with the corres-

ponding photograph.

NOTE
Following each i1llustration (Figures 15, 16, and
17) are glossy photographs. These photographs
provide evidence of the quality of resolution

obtained.

FFigure 15A represents an unmodulated CRT operating at an
ultor current of 40 muamperes and light output of 40 ft-lamberts.
Figure 15B is the modulated CRT with the gain of the system optimized.
Note that the level of the background of the photograph remains
constant while the bright areas are darkened to faclllitate observa-
tion of the photograph. Figures L5C and D are conditions with less
loop feecdback. Note the corresponding decrease in contrast between

dark and bright areas from Figures B through D.

Figures 16 and 17 illustrate the same capability as Figure 15

~40-
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except the initial (unmodulated) condition was altered. Figures 15B
through D represent a corresponding decrease in CRT modulation (de-

crease of loop gain).

Photographs of the breadboard set-up of the Light-Modulated
Film Viewing System (see Figure 11) are shown in Figure 18. Figure
18A shows the entire system: CRT, light sensor, photomultiplier,
power supplies, amplifier and CRT deflection circultry. The CRT,
sensing element, and photomultiplier are also shown in Figure 18B.
Figure 18C illustrates the electronics used for generating the raster,
sweep waveform generators, unblanking waveform generator, yoke-driver
power supplles, and vertical and horizontal yoke drivers. The

amplifier is plctured in Figure 18D.

F. IMPLEMENTATION STUDIES
1. General

Utilizing the results of the preceding studies, varlous
viewing system implementations were studied. These lmplementations
are discussed below, All of these implementations permit the direct
viewing of film and utilize the fluorescent detector developed on
this program and described in Section 3-C. 1In additlon, all imple-

mentations utilize a CRT which serves as the light table.

2., P-15 CRT Implementation

This implementation utilizes a 1ld-inch CRT with a P-15
phosphor as a backlight. The face of the CRT serves as the light
table as shown in Figure 19. Located above the CRT is the fluorescent

Iy
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A. UNMODULATED CRT B. MODULATED CRT
ULTOR CURRENT = 40 JA AMPLIFIER GAIN = 441 DB

C. MODULATED CRT D. MODULATED CRT
- AMPLIFIER GAIN = +3%4 DB AMPLIFIER GAIN = +350 DB

Figure 15. View of Aerial Scene with Initial
Light Output of 40 Ft-Lamberts
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T
ATED CRT B, MODULATED CR
Ao UTOR CURRENT = 28 b AMPLIFIER GAIN = +39 DB

ATED CRT
c ED CRT D. MODUL \TE ) :
o MAS?E%??ER GAIN = +31 DB AMPLIFIER GAIN = +26 DB

. ial
i e 16. View of Aerial Scene with Initia
rienr Light Output of 28 Ft-Lamberts

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3 4 3-



STATINTL

Approved For Release 2002/01/02 : CIA-RDP78B04747A00110

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3



STATINTL

Approved For Release 2002/01/02 : CIA-RDP78B04747A00110006

A

Approved For Release 2002/01/02 : CIA-RDP78B04747A001100060010-3



STATINTL

Approved For Release 2002/01/02 : CIA-RDP78B04747

B. MODULATED CRT

A. UNMODULATED CRT
AMPLIFIER GAIN = 433 DB

ULTOR CURRENT = 16 JA

D. MODULATED CRT

C. MODULATED CRT
AMPLIFIER GAIN = +26 DB AMPLIFIER GAIN = +20 DB
Figure 17. View of Aerial Scene with Initial
Light Output of 16 Ft-Lamberts
4l -
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Figure 18. Breadboard Light-Modulated Film Viewing
System Components

45
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Viewer Console

Figure 19.
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detector. Fiber optics are located around the edge of the detector
which pipe the light to the photomultipliler located under the table.
The detector, since it is made of Plexiglas and covers the complete
faceplate, serves as a protective shield. In loading the film, it
is slipped between the faceplate and the detector. The CRT 1in this
implementation has a solid glass faceplate. If the thickness of the
glass is 1/4-inch - the effective spot size will be about 186 mils -
the same as that measured for the same thickness faceplate that was
desceribed in Section 3-E. With a 14 -inch faceplate, it may be
necessary to increase the faceplate thickness to about 0.3% inches,

the effective spot size being about 252 mils.

When discussing the dodging resolution, it is desirable to
consider the system made up of several apertures in cascade. Then

the width of the overall aperture 1s

1/2
o - [zw]

The aperture due to spot size 1is a constant and equal o 0.186 inches.

The aperture due to video bandwidth 1s

W - .212D
BW BW T
where:
D = size of raster

“47-
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BW

video bandwidth (ecps)

T = horlzontal sweep time.

Tt can be seen that the aperture caused by the video bandwidth can
be reduced by (1) reducing the raster size, or (2) increasing the
sweep time. The latter can be accomplished by reducing the number
of vertical lines. In this manner, a better balance of vertical and

horizontal resolutlon could be obtained.

With a P-15 phosphor, the video bandwidth is about 300 ke.

This results in a resolution of
T = 2g£=£ = 1,04 usec

Assuming a 1/4-inch faceplate thickness and a normal TV
horizontal sweep time of 55 usec, the dodging resolution due to
phosphor decay 18 about 51 elements. The number of resolvable elements
due to a 186 mil spot slize when scanning a distance of 9 inches is 49.
The resultant number of horizontal resolvable elements is 35. The

number of vertical resolvable elements 1s 49.

A trade-off between norizontal and vertical resolution due
to video bandwidth can be optimized by setting the number of resolv-
able vertical elements NV’ equal to the number of resolvable horizontal

elements NH.

N = __.l._.
v TF
N - _B.W T
H 510

-8~
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where:

T = horizontal sweep time

F = vertical frame rate

BW = video bandwidth
1/2 1/2
T =[,;2l2] = [ _~;2L%__] = 180 usec
F BW 30(30ke)

Therefore:

N, = Ny = BT - 3

H v L3170 &

The total number of resolvable elements, in both the horizontal

and vertical directions, for a 186 mil spot size and a 300 ke¢ band-
width would then be 47. The gain characteristic of the amplifier
could be modified to increase the video bandwidth, and effectively

permit the system bandwidth to be limited only by spot size.

5. Implementation Utlilizing a P-15 CRT with Fiber Optics

In the previous implementation, the system resolution was
limited by the effective spot slze due to the diffusion through the
solid glass faceplate. This implementation eliminates this problem
through the use of a fiber optics faceplate. With such a faceplate,
the effective spot size 1s the actual spot size of the CRT and can

be as small as about .002 inch. With the exceptlion of the faceplate,

-49-
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this implementation 18 quite simllar to the one described previously.

Discussions with various CRT manufacturers have indicated
that the largest fiber optilcs faceplate CRT 1s 12 inches. This
eliminates the possibility of a 9-inch by 9-inch viewlng area using
fiber opties. In addition, the cost of large fiber optics faceplates
is prohibitive (e.g., a 1l2-inch CRT with fiber optics costs over
_ Therefore, the fiber optics faceplate ilmplementation is
only feasible for systems deslgned for viewing 5-inch film and smaller.
The resolution of this implementation will be considerably better than
the previous implementation because of the smaller effective spot size
at the film plane. JSince the optimizing of resolution presented in
the discussion of the previous implementation was independent of spot
size, the same raster parameters can be used here (1.e., a horizontal
sweep time of 186 psec). Resolution due to spot size for 5-inch film
ig 2500 elements in each direction (6,500,000 total). The total
horizontal and vertical resolution in this case would be 178; belng
1imited by the video bandwidth. Assuming that video bandwidth could
be increased by phosphor compensation, the resolution could also be

increased.

4. Implementation Utilizing & Multi-Gun CRT

For a high resolution detection system, the CRT phosphor
should have a very short persistence. Unfortunately, short phosphors
radiate in the ultraviolet region and are not suitable for viewing
detection. The P-15 phosphor offered a possible solutlon since
the ultraviolet portion is quite short (.05 usec) and the greenlsh-

white portion is considerably longer and a reasonable color for
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viewing. As discussed in Section 5-E, the characteristic curve
(brightness vs grid voltage curve) for the ultraviolet component of
this phosphor is considerably different than that for the greenish-
white component. This prevented the use of the ultraviolet component
for detection and the greenish-white portion for viewing. An approach

to circumventing this problem is through the use of g3 multi-gun CRT,

Consider a conventional color CRT which has three guns and
a common deflection system. If one of the three color dots had a
phosphor such as the P-16 (ultraviolet with a decay time of .12 usec)
and the other two spots were P-4 (white with a relatively long per-
slstence), the P-16 could be used for detection and the P-4 could be

used for viewing.

If the detector material was Super Calcofluor, only the
ultraviolet light transmitted through the film would be detected,
This detection signal would then be used to modulate the other two
guns which would intensity modulate the P-4 phosphor in a c¢losed-
loop fashion. With this arrangement, the gun and beam used to excite
the P-16 phosphor dots would not be mcdulated. With such an imple-
mentation, the bandwidth of the detection circuit would be about 2,5
megacycle which would result in a conslderably higher dodging resolu-
tion than can be obtained with the P-15 closed-loop implementations

described previously,

5. Implementation Utilizing a Storage Tube

As shown in Section 5-F, the effect of the system aperture

-51~
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due to the video bandwidth is a function of the horizontal sweep
time. One method of increasing the sweep time is to reduce the
frame rate; however, this cauges a flicker problem. Thilis implcmenta-
tion involves the slow scanning of the film and storing the modulation
signal in an electronic storage tube, After a complete slow scan,
the frame rate is increased to 30 frames per second and the storage
tube is read out and the resultant signal used to modulate the CRT,
This implementation not only improves the dodging resolution but also
eliminates many of the closed-loop stability problems. Of course,
the storage tube approach can only be utlilized while the film is held
stationary. If the film 1s moving, the system can operate in normal
closed-loop fashion (without the storage tube) with lower resolution.
This implementation appears feasible since lower resolution can be
tolerated while the film 1s moving. This approach requires further
investigation and is, therefore, suggested as a study area in the

follow-on program.

-5
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SECTION 4
RECOMMENDED  FOLLOW-ON PROGRAM

A, GENERAL

This program has resulted in a practical design concept for
a Light-Modulated Film Viewer. This viewer utilizes a P-15 CRT as
a backlight as described in Section 3-F. The viewer will have about
2500ldodging elements and a dynamic range of over 60 to 1. 1In the

STATINTL

recommended follow-on program, [fferoposes to deliver a viewer or
this type that can be evaluated operationally by a panel of photo-
interpreters. In addition, advanced techniques studies are proposed
in order to lmprove the bandwidth, brightness and dynamic range of

the modulation and to reduce the size of the dodging element at the

image,

B. FABRICATION OF PROTOTYPE MODEL

A prototype model of a Light-Modulated Film Viewer will be
fabricated and delivered. This model will utilize a P-15 CRT with
the faceplate serving as the surface of the light table. The con-

figuration of this model will be as shown in Figure 19.

The detector plate will consist of a sheet of plastic im-
pregnated with a fluorescent material and will be mounted slightly
above the faceplate to allow for film insertion. Filber optics
bundles will be mounted at the edge of the faceplate which will pipe

the light to a photomultiplier located wlthin the viewer cabinet.
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The viewing area will be 9-inches by 9-inches. The dynamic
range of the modulation will be about 60 to 1 and the resolution
will be about 50 elements in each direction (2500 over the area).

A servo-driven film drive unit similar to that used on the change

detector will be controlled by a joystick on the control panel.

C. ADVANCED TECHNIQUES STUDIES

The advanced techniques studies will investigate techniques
to improve the performance of the Light-Modulated Film Viewer. It
is anticipated that some of these techniques will be developed early

enough to incorporate in the prototype model.

One area requlring further investigation involves the com-
pounding of a combination phosphor such as P-16/P-4, If the proper
proportions can be achieved, the P-16 ultraviolet flash can be used
for detectlon and the longer P-4, which is white, can be used for
viewing. This task would consist of a survey of phosphors and the
purchasing of several CRT's with various phosphor compounds from a

tube manufacturer such as _ These tubes would

then be evaluated in the laboraory breadboard model of the viewer.

A second area of investi.gation involves the further develop-
ment of the multi-gun and storapge tube implementatlons described in
Seétion 3-F., These implementations could increase the dynamic range

and resolution of the viewer,

A third area of investijpation concerns the improvement of

pRs
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the effective spot size of the viewer. This will include a further
study of the phosphor plate used as a backlight described in Section
3-D, If the efficiency of this phosphor plate can be lncreased,

both the bandwidth and effective spot size of the system could be
improved. Another approach to improving the effective spot size

of the system consists of projecting the CRT spot onto a back-
projected screen material which would serve as the light table. This
would diffuse the spot and place 1t very near the film thus retaining
a small effective spot. The investigation of this approach will
include an analysis of the efficlency of the projection optics and
availability of high intensity CRT's in order to have an adequate

brightness at the film plane.

D. SCHEDULE
STATINTL

The above described program can be performed in nine months.
The cost of the prototype model will be approximately - while

the advanced techniques studies will cost _ STATINTL
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